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LONGITUDINAL AERODYNAMIC CHARACTERISTICS
AT TRANSONIC SPEEDS OF TWO V/STOL ATRPLANE CONFIGURATIONS
WITH SKEWED AND VARIARLE- SWEEP WINGS®

By Arvo A. Luoma
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SUMMARY
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An investigation of the longitudinal aerodynamic characteristicsfof
two versions of a V/STOL airplane design was made in the Langley 8-fobt
transonic pressure tunnel at Mach numbers from 0.60 to 1.20. A skewed
wing and a variable-sweep wing were tested on the models. Wing skew
angles of 0°, 30°, 60°, and 90° and wing outboard panels swept 250, T75°,
and 108° with respect to the leading edge were investigated. The tests
were made at angles of attack from about -2° to 11°.

0

Increasing the skew angle to high values produced a positive trim
change. A larger horizontal tail substantially reduced nonlinearities
evident in the variation of pitching moment with 1ift for the configura-
tion with the highly skewed wings. The effect of wing sweep and Mach
number on the longitudinal aerodynamic characteristics are generally
the same as that reported for other V/STOL conflguratlons employing a
similar varigble-sweep wing. g4, g1);-;

INTRODUCTION

Recent extensive studies made by the National Aeronautics and Space
Administration of airplane configurations employing variable-sweep wings
with the pivot point located outboard have indicated that configurations
of this type appear to be a satisfactory means of realizing efficient
subsonic and supersonic flight characteristics in one airplane (refs. 1
to 6). Further studies have been made at low subsonic speeds, at tran-
sonic speeds, and at a Mach number of 1.97 of an advanced version of this

- wing design on a body more representative of those used on current fighter

*
| Title, Unclassified.
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aircraft (refs. 7 to 9); and, for comparison, of a more conventional
variable-sweep wing having the pivot point located within the fuselage
(refs. 7 and 9).

A further mission requirement recently studied is that of super-
sonic flight at low levels over a rather long range. Because of the
high drag and gust accelerations associated with the high dynamic pres-
sures at low levels, it appeared desirable to increase the wing sweep
until a large portion of the wing was confined either on top of or
within the body. References 10 to 13 present the results obtained at
transonic and supersonic speeds on configurations having variable-sweep
wings which were swept so that & large portion of the wing was on top
of the body. Reference 8 includes information at transonic speeds on
a configuration which had the wings swept so that a large portion of
the wing was within the body.

In order to provide airplanes with V/STOL capability, which enables
them to operate from locations with limited ground facilities or from

»

-

devastated areas, variable-sweep configurations have been designed around

a proposed vectored lift-thrust engine. This engine has Jet-exit noz-
zles which rotate through an angle of approximately 120°, from straight

back for forward flight to about 30° ahead of the vertical for low-speed

operation. The results of studies of such V/STOL variable-wing-sweep
airplane configurations are presented in references 14 to 16.

The present paper provides information on the longitudinal aero-
dynamic characteristics of two further designs of V/STOL airplane con-
figurations based on the proposed vectored lift-thrust engine. Both
designs included a scoop-type air inlet on the body. The main differ-
ences between the two designs were in the details of the ducting and in
the size of the horizontal tails. Two wings were tested on each design:
a skewed wing at skew angles of 0°, 30°, 60°, and 90° on one of the
designs and 0° and 90° on the other design; and a variable-sweep wing
(outboard pivot design) at sweep angles of 25°, 75°, and 108° on both
of the designs. The tests were made in the Langley 8-foot transonic
pressure tunnel at Mach numbers from 0.60 to 1.20 for an angle-of-
attack range from approximately -2° to 11°. The longitudinal and lat-

eral aerodynamic characteristics of one of the two designs of V/STOL air-

plane configurations were investigated in the Langley 4- by 4-foot
supersonic pressure tunnel at a Mach number of 2.20, and the results
are presented in reference 17.

SYMBOLS

The longitudinal aerodynamic force and moment data are referred to
the wind axes. The yawing-moment, rolling-moment, and lateral-force

=3
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data obtained for the skewed-wing configurations are referred to the
body axes. The origin of the wind and body axes was the moment refer-
ence point shown in figures 1 to 4. This location was 19.69 inches
from the body nose and 0.70 inch above the model reference line. All
the aerodynamic data presented herein for the configurations with the
variable-sweep wing were based on the planform dimensions of the

75° swept wing; all the aerodynamic data presented herein for the con-
figurations with the skewed wing were based on the planform dimensions
of the O° skewed wing. The symbols used are defined as follows:

A aspect ratio of wing, b2/S

Ae,l total area of forward exit of duct

Ae, 2 total area of rearward exit of duct

Ae’5 area of bypass exit of duct

Ap total projected area of duct inlet on plane perpendicular to
reference line of model

b span of wing

Cp external-drag coefficient, EXterzié drag

CD,i internal-drag coefficient,

w
a;g [Y“ - Ve,l CcOs a cos Bl(l - tan a tan Gl sin egi]
[+

1 cos a cos el(l - tan o tan 6; sin 62)

T ¥p,e,l
W2 .
+ a;g [&w - Ve,e cos a cos 91(1 - tan a tan 0; sin ezi]
Ae,2 .
- Cpe,2 ~5— ©0s @ cos Bl(l - tan « tan 6; sin 92)
CD,min minimum vglue of external-drag coefficient
cr, 1ift coefficient, Lilt
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Rolling moment
qSb

Pitching moment
qSc

rolling-moment coefficient,

pitching-moment coefficient,

Yawing moment
q,Sb

yawing-moment coefficient,

pressure coefficient of flow in duct at forward exit,
pe,l = Py
40

pressure coefficient of flow in duct at rearward exit,
Pe’g - Py )
Qe

Lateral force
QoS

lateral-force coefficient,

mean aerodynamic chord of wing

lift-drag ratio, Cp,/Cp
maximum value of lift-drag ratio

Mach number of undisturbed stream

static pressure of flow in duct at forward exit

static pressure of flow in duct at rearward exit
total pressure of undisturbed stream

static pressure of undisturbed stream

dynamic pressure of undisturbed stream, lp \

Reynolds number, based on ¢

area of wing

velocity of flow in duct at forward exit

3
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ey,

Cmsh‘

Velocity of flow in duct at rearward exit
veloeclity df undisturbed stream

total mass flow into inlet of duct, wy + wo + Wz
mass flow in duct at forward exit

mass flow in duct at rearward exit

mass flow in duct at bypass exit

—_w
PV oPp

00 0o

mass-flow ratio based on projected area of inlet,

angle of attack of model, based on reference line of model

horizontal-tail deflection, determined by angle between
exposed root chord and XY-plane of body axes; positive
direction when trailing edge is down

skew angle of wing, based on angle of 50-percent-chord line
(see fig. 1)

angle between duct-exit axis and model reference line (see
fig. 2)

angle between plane defined by duct-exit axis and model ref-
erence line and lateral plane (see fig. 2)

sweep angle of wing, based on sweep of leading edge of outer
panel

mass density of undisturbed stream

per deg
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Components of model:

B body (including canopy and air inlet and exits)
H horizontal tail
\'2 vertical tail
W wing
APPARATUS
Tunnel

The investigation was made in the Langley 8-foot transonic pressure
tunnel. The test section of this tunnel is square in cross section. The
upper and lower walls of the test section are slotted to permit contin-
uous testing through the transonic speed range. The total pressure of
the tunnel air can be varied from a minimum value of about 0.25 atmos-
phere at all test Mach numbers to a maximum value of about 2.0 atmos-
pheres at Mach numbers of 0.4 and less and about 1.5 atmospheres at
transonic Mach numbers. The tunnel air is dried sufficiently to avoid
condensation effects.

Model

In the present investigation two V/STOL airplane configurations
designed around a proposed vectored lift-thrust engine were tested, and
they are identified herein as models IV-A and IV-B. Tests on other
V/STOL configurations designed for this same engine and designated as
models I, II, and IIT are presented in references 1k to 16. Models IV-A
and IV-B represented a four-point vectored-thrust V/STOL arrangement
with a large, single, scoop-type air inlet located beneath the body nose.
Two wings were tested on each model: a skewed wing and a variable-sweep
wing with an outboard pivot. Drawings of model IV-A with the skewed wing
are presented in figure 1, and with the variable-sweep wing in figure 2.
Drawings of model IV-B with the same skewed and variable-sweep wings are
shown in figures 3 and 4, respectively. Photographs of model IV-B with
the skewed and variable-sweep wings are shown as figures 5 and 6, respec-
tively. Some of the geometric characteristics of the models are pre-
sented in table I. The main differences between models IV-A and IV-B
were in the details of the ducting and in the size of the horizontal
tails.

~
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Each model had four duct exits with two located on each side of
the body. The axis of the duct exits of model IV-A was deflected 30°
away from the model reference line (fig. 2). The axis of the duct
exits of model IV-B was parallel to the model reference line. A bypass
exit located just aft of the inlet was incorporated on model IV-B to
increase the mass flow into the inlet (figs. 3, 4, and 6(e)).

The airfoil section (streamwise) of the 0° skewed wing was 3 per-
cent thick with a flat lower surface and a circular-arc upper surface.
The pivot point of the skewed wing was at the 50-percent point of the
root chord of the U = o° position. The airfoil section (streamwise)
of the outboard panel of the 25° swept wing was 6 percent thick with a
flat lower surface and an upper surface which conformed to the upper-
surface ordinates of the NACA 65A012 airfoil section. The leading edge
was rounded. The pivot point about which the outboard panel was swept
was located laterally at 48.2 percent of the semispan of the 75° swept
wing. The inboard (fixed) panel of the variable-sweep wing had a
leading-edge sweep of 60°. Both the skewed and the variable-sweep wings
had O° dihedral and incidence.

The same vertical tail was used on both models IV-A and IV-B. The
leading-edge sweep of the horizontal tail was 60° on model IV-A and 540
on model IV~-B. The span and area of the horizontal tail of model IV-B
were 3% percent and 29 percent larger, respectively, than those of
model IV-A. The horizontal and vertical tails were constructed of
l/8—inch flat steel plate with rounded leading edges and beveled
trailing edges.

The longitudinal distribution of cross-sectional area of model IV-A
is shown in figure 7. In order to account for internal flow, the cross-
sectional area has been reduced to correspond to & mass-flow ratio
w/w, of 0.82, with 43 percent of the mass flow being exited at the

forward exit and 57 percent at the rearward exit. Model IV-A with the
skewed wing had a small amount of area added to the sides and top of
the body forward of the wing to improve the area distribution in this
region. This area addition was left on for model IV-B with both the
skewed and variable-sweep wings. The longitudinal distribution of
cross-sectional area of model IV-B is shown in figure 8. 1In order to
account for internal flow, the cross-sectional area has been reduced
to correspond to a mass-flow ratio W/w00 of 1.00, with 32 percent of

the mass flow being exited at the bypass exit, 25 percent at the for-
ward exit, and 43 percent at the rearward exit.

Instrumentation

A six-component strain-gage balance, which was housed in the body,
was used for determining the overall forces and moments on the model.
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A strain-gage attitude transmitter was used for getting the no-load
angle of attack of the model. Because the attitude transmitter was
housed in the extension of the model sting, a correction to the reading
of the attitude transmitter was necessary to obtain the model angle of
attack because of the flexibility under aerodynamic load of the balance,
model sting, and sting extension.

A static orifice located within the chamber surrounding the strain-
gage balance was connected to a pressure transducer. Rakes were used at
all duct exits when mass-flow and internal-drag measurements were made.

The overall forces and moments on the model, the angle of attack,
and the static pressure in the chamber surrounding the strain-gage bal-
ance were recorded electronically on punch cards for all configurations.
During the mass-flow runs the total and static pressures at the duct
exits were measured by use of a multiple-tube manometer containing
tetrabromoethane. All manometer tubes were photographed simultaneously.

TESTS, CORRECTIONS, AND ACCURACY

Tests

All the tests were made with transition fixed on the model. Narrow
strips of No. 80 carborundum grains were shellacked to the wings and
tail surfaces at 10 percent chord, to the inlet lip, and to the body at
10 percent body length.

The effect of wing skew angle, wing sweep, horizontal-tail deflec-
tion, and model components on the longitudinal aerodynamic characteris-
tics was determined. All of the tests were made at an angle of sideslip
of 0O°.

Model IV-A with the skewed wing was investigated at wing skew
angles of 0°, 30°, 60°, and 90° at a horizontal-tail deflection of 0°.
Model IV-A with the variable-sweep wing was investigated for outboard
wing panels swept back 25°, 75°, and 108° with respect to the leading
edge. Model IV-A with the 75° swept wing was tested at horizontal-tail
deflections of 0° and -4.15°, and also with the horizontal tail off.
The horizontal-tail deflection was -4.15° on model IV-A with the
25° swept wing and O° on model IV-A with the 108° swept wing.

Model IV-B with the skewed wing was tested at wing skew angles of

0° and 90° at a horizontal-tail deflection of -4.15°. Model IV-B with
the 909 skewed wing was also tested at a horizontal-tail deflection

~ & B
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of 0° and with the horizontal tail off. Model IV-B with the variable-
sweep wing was tested at sweep angles of 259, 750 and 108° at a
horizontal-tail deflection of -4.15°.

All the configurations except the configurations with the 250 swept
wing were investigated at five Mach numbers from 0.60 to 1.20 and through
an angle-of-attack range from approximately -2° to 11°. The configura-
tions with the 25° swept wing were tested at Mach numbers from 0.60
to 0.95 through the same angle-of-attack range. Minimum-drag data were
also obtained at a few intermediate Mach numbers. The configurations
generally were tested at total pressures of 1,060 pounds per square foot
(1/2 atmosphere) or 530 pounds per square foot (1/4 atmosphere), depending
on wing or balance load limits. The Reynolds number corresponding to
these total pressures is shown in figure 9.

Al]l the configurations were investigated with internal flow in the
model. The mass flow and internal drag of model IV-A with the 108° swept
wing (configuration BWVH; &, = 00) and model IV-B with the 90° skewed

wing (configuration BWV) were measured. Internal-flow data were obtained
at Mach numbers from 0.60 to 1.20 and at angles of attack from O° to
about 10°.

Corrections

The external-drag coefficient Cp was corrected by adjusting the

static pressure in the balance chamber and at the body base to the free-
stream value. The external-drag coefficient also includes the correction
for the internal-drag coefficient CD,i' The internal-drag coefficient

measured for model IV-A with the 108° swept wing and shown in figure 10
was used in correcting all the configurations of model IV-A. The
internal-drag coefficient measured for model IV-B with the 90° skewed
wing and shown in figure 11 was used in correcting all the configura-
tions of model IV-B. Mass-flow results are also presented in figures 10
and 11.

Data presented herein at supersonic Mach numbers consist of minimum-
drag results at a Mach number of 1.03 and of force and moment results for
the angle-of-attack range at a Mach number of 1.20. At a Mach number
of 1.03 the flow over the model was subject to influence by wall-reflected
disturbances. The effect on drag was probably small. The configurations
were clear of wall-reflected disturbances at a Mach number of 1.2. No
corrections have been made to the data for wall-reflected disturbances
except to the extent of the partial correction for wall-reflected dis-
turbances inherent in the base-pressure correction.
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No sting-interference corrections have been made to the data except
to the extent of the partial correction for sting interference inherent
in the base-pressure correction.

Accuracy

The accuracy of the data, based primarily on the static calibra-
tions and the repeatability of the data, is estimated to be as follows:

CL ¢ ¢+ v ¢ ¢ v o o e e et e e e e e e e e e e e e e e e e $0.01
CD = « » = « ¢ o+ o o o v o o o o e e e e e e e e e e e s . . . *0.0015
O +0.003
O +0.002
Cp o o v o o v e b v e e e e e e e e e e e e e e e e e e e +0.0006
0 T +0.01
o T 1Y - T 0.1
+0.003

PRESENTATION OF RESULTS

The basic longitudinal aerodynamic characteristics of model IV-A
are presented in figures 12 to 15 and those of model IV-B in figures 16
to 18. Figure 12 also presents information on the effect of wing skew
angle on the lateral force-and-moment components. The basic data are
presented in the following order:

Figure

Model IV-A:

Wing skewed 0°, 3%0°, 60° and 90° . . . . . . . . .« .« . .. 12

Wing swept 25°% . . . . . i v v i e e e e e e e e e e e 13

Wing swept 759 & v v v v i i e e e e e e e e e e e e e e e 14

Wing swept 108° . . . . . . . . . . e e e e e e e e e e 15
Model IV-B:

Wing skewed O° . . . . . . i L i e e e e e e e e e e e e 16

Wing skewed 900 . . . . . 0 . L L 0 e e e e e e e e e e e 17

Wing swept 25°, 75°, and 108° . . . . . . . . . . . ... 18

Summary data on performance and longitudinal stability and control
derivatives are presented in figures 19 to 26 for model IV-A and in fig-
ures 27 to 34 for model IV-B. A comparison of the minimum drags of
models IV-A and IV-B is given in figure 35. The derivatives CLOL and

S s
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CmCL are for an angle of attack of approximately 0°.

are presented in the following order:

Model IV-A:
Effect on CD min of - .
Wings skewed 0%, 30°, 60°, and 90° . . . . . .
Wings swept 250, 75°, and 108° . . . .. . . ...

Horizontal tail; A = 75° . . . . . . . .. .. .
Comparisons of CD min for skewed and varlable—sweep
wings . .« . . <+ 4 . . . e e e e e e . .

Lift-curve slope of skewed and variable-sweep wings .
Maximum lift-drag ratio of skewed and variable-sweep
wings . . . . . . . .

Static longitudinal stablllty derlvatlve of skewed and

variable-sweep wings . . . . . e e . .
Horizontal-tail effectiveness; A. 750 o e e e e e .

Model IV-B:
Effect on Cp,min of -

11

The summary plots

Figure

.« e e 19

C e 20
R 21
C e 22

R 23
.« e e 24

R 25
. e e . 26

Wings skewed 0° and 90° . . . . e e e e e e e e s 27

Horizontal-tail deflection; f = 90o e e e e e e e e e 28

Wings swept 25°, 75°, and 108° . . . . . . . .. . 29
Comparison of Cp,min for skewed and variable-sweep

wings « « « « .+ ¢ . e . . C e e e e e e e e e .. 30
Lift-curve slope of skewed and varlable-sweep wings . .. 31
Maximum lift-drag ratio of skewed and varlable-sweep

wings . . . . . . e s e s s e e e e s o« . . 32
Static longltudlnal stablllty derivative of skewed and

variable-sweep wings . . . . e e e e e e e . 33
Horizontal-tail effectiveness; § = 900 e e e e e e e e 3l

Comparison of CD,min for models IV-Aand IV-B . . . . . . . . . 35

SUMMARY OF RESULTS

A detailed discussion of the results obtained in the investigation
at transonic speeds of two V/STOL airplane configurations with skewed
and variable-sweep wings has been omitted in order to expedite publica-
tion of the data. A few observations are made, however, in order to

point out some of the more important results obtained.
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Skewed-Wing Configurations

The longitudinal-stability characteristics of model IV-B
(figs. 16(d), 17(d), and 33(a)) were generally more satisfactory than
those of model IV-A (figs. 12(c) and 25(a)). The noticeable nonlin-
earity evident in the pitching-moment curves of model IV-A with the
60° and 90° skewed wings (fig. 12(c)) was not present in the pitching-
moment curves of model IV-B with the 90° skewed wing (fig. 17(d)).
Skewing the wing from 0° to 90° resulted in a positive trim change for
both models (figs. 12(c), 16(d), and 17(d)), in a forward movement of
the aerodynamic center for model IV-A (fig. 25(a)), and in a rearward
movement of the aerodynamic center for model IV-B (fig. 33(a)). The
differences in the longitudinal-stability characteristics of the two
models with the highly skewed wings appear to be due mainly to a greater
effectiveness of the larger horizontal tail on model IV-B. Presumably,
the tips of the small horizontal tail were in the strong downwash flow
field Just inboard of the wing-tip vortex cores, whereas the tips of
the large horizontal tail extended outboard of the wing-tip vortex cores
into an upwash flow field.

The maximum 1lift-drag ratio of model IV-A with the O° skewed wing
was somewhat higher than that for model IV-B with the 0° skewed wing
(figs. 24(a) and 32(a), respectively). The minimum-~drag coefficients
of these two configurations were not greatly different (figs. 19 and 27).
The drag due to 1ift, however, was lower for model IV-A with the
0° skewed wing (figs. 12(b) and 16(b)).

Variable-Sweep-Wing Configurations

The effect of wing sweep and Mach number on the longitudinal aero-
dynamic characteristics (figs. 20, 29, 23(b), 31(v), 24k(v), 32(b), 25(b),
and 33(b)) is generally the same as that reported in reference 1k for
V/STOL configurations employing a similar variable-sweep wing. The maxi-
mum lift-drag ratios of the present tests, especially those of model IV-A,
are somewhat higher than those found in the tests of reference 14. The
minimum-drag coefficient of the configurations of the present tests
(figs. 20 and 29) was somewhat higher than that found 1n reference 14,

Comparisons of the minimum-drag force (i.e., drag coefficients based
on same wing area) of the configurations with the skewed and variable-
sweep wing showed that the minimum-drag force of the configurations with
the 75° swept wing was lower at all test Mach numbers than that of the
configurations with the 0° skewed wing. The minimum-drag force of the
configurations with the 0° and 90° skewed wings, however, was generally
lower than that of the configurations with the 25° and 108° swept wings,

respectively.
. ll L '|'ku3

N oEHH



~NEEEH

. M L) . : ° : . e o
.

: : :o : * : e o o e © ee o o0 o o

e o @ o . ees ° o o o o e e o

e ese oo ea0 o & 90 00 o o ® eso oo

13

The maximum lift-drag ratio of the configurations with the 25° swept
wing was higher than that of the configurations with the 0C skewed wing
at Mach numbers below approximately 0.85. The maximum lift-drag ratios
of the configurations with the 75° swept wing and the 0° skewed wing
were about the same at Mach numbers of 1.00 and 1.20. (See figs. 24
and 32.)

Langley Research Center,
National Aeronautics and Space Administration,
lLangley Field, Va., February 15, 1961.
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TABLE I.- GEOMETRIC'THARACTERISTICS QF MODELS

Model IV-A:

With variable-sweep wing, = 759
Ares, S, 8Q FL v « v v 4 4 4 4 4 4 4 e e e e e e e e e e e e ... 0.858
Spen, b, ft . . . . . e e s e s e e e e e s e s e e e 1.309
Mean aerod.ynamic chora , c, ft e e e e e e e e e e e e e e e e e 0.740
Aspect ratio, A . e e e e . 1.997

With skewed wing; § = 0°:
Ares, S, SA Tt « ¢« v v v o e e e e e e e e e e e e e e e e e . 0.586
Span, b, ft . . . . e s e e e e e e e e e s e e e e e e e 1.562
Mean aerodynamic chord c, o 2 . 0.h31
Aspect ratio, A . . . e e e e e e . . 4,163

Duct:
Projected inlet area, Ap, =T [ i . . 0.05210
Exit area:

Forward, Ae 1 54 6 V2
’
Rearward, Ae,2) sqg Pt ... o0 e 0 e o e e

Bypass, Ae,Bl sg ft . . .0 00 e s e e e e
Total, sq £t . . « « ¢« « ¢ ¢ « ¢ ¢ o o 0 e
Exit angles:
Forward:
Bl,deg........... .« . .
92,deg
Rearward:
T« L= < T T )

62,deg............. .
Body base srea, sq ft . . . . . . o oo 000 o

. 0.04592

. 0.01843
. 0.02749

0

30
30

30
L5

. . 0.01670
Model IV-B:
With variable-sweep wing, = 759
Ares, S, sq ft . . . O o 18 < 52¢)
Spen, b, £t . . . . 1.309

Meana.erodyna.micchord c,ft

Aspect ratio, A . . . ¢ v ¢ o v e e i i e e e e e e e e e e e e e e e

With skewed wing; § = 0°:
Area,Ssqf‘t.................
Span, b, ft . . .. . e s e s s e e e o o o o
Mean aerodyna.mic chord c, ft e e e e e e e
Aspect ratio, A

Duct:
Projected inlet area, Ap, sq ft . . . . . . ..
Exit area:

Forward, Ae,l’ 8 ft « ¢« ¢ o . ..
Rearward, Ae,g, sqg ft . .. .00 00 e e .« e e
Bypass,Ae’3,sqft.....................
Total, sq ft . . . . . . . . .

Exit angles:
Forward:
81, de@ .+ ¢« ¢ v v v e e v e e . .
8o, deg . . . . . . . ..
Rearward:
el, deg D ) . “ s e .
8o, deg . . . . . . .. . ..
Body base area, sq ft . . . . . . . . . . . .

0.740
1.997

0.586
1.562
0.431
4.163

. 0.05007

0.01757

. 0.02576
. 0.01604
. 0.05937

0
30

0
45
. 0.01670
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Figure 10. - Interngl—drag coefficient and mass-flow ratio of model IV-A
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Figure 11.- Internal-drag coefficient and mass-flow ratio of model IV-B

with 90° skewed

wing.

Configuration BWV.
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Pitching-moment coefficient, Cm
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Figure 19.- Effect of wing skew angle on minimum drag of model IV-A.
Configuration BWVH; &y, = 0°; Py o = 530 lb/sq ft.
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Figure 22.- Comparison of minimum drag of model IV-A with skewed and
variable-sweep wings. Configuration BWVH.

LehT-1




oe 88 60 @ ¢ 00 ¢0¢ o o e o0e oo
07
Wing Pt,w, Ib/sq ft
O Skewed 530 419
.06 O Variable sweep 1060 /'
.~ :
g /
= .05 f
;{Fﬂff‘——_——_—_—{]
04 i
Cn . e -
D, min |~ /U
.03 / 4
1| /':,yz(
e
02—t
.0l
o)
ie) .6 N4 .8 .9 1.0 I [.2 1.3

(b)

Mach number, M

t =90° and A = 108% 5, = OC.

Figure 22.- Concluded.
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Figure 23.- Lift-curve slope of model IV-A with skewed and variable-
sweep wings. Configuration BWVH.
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Figure 23.- Concluded.
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(b) Variable-sweep wing.

Figure 24.- Concluded.
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Figure 25.- Static longitudinal-stability derivative of model IV-A with
skewed and variable-sweep wings. Configuration BWVH.
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Figure 25.- Concluded.
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Figure 27.- Effect of wing skew angle on minimum drag of model IV-B.
Configuration BWVH; &), = -4.159; Py o = 1,060 1b/sq ft.
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Figure 28.- Incremental effect of horizontal tail on minimum drag of
model IV-B with 90° skewed wing. Configuration BWVH; t = 90°;
Pt o = 1,060 1b/sq ft.
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Figure 29.- Effect of wing sweep on minimum drag of model IV-B.
Configuration BWVH; &), = -4.15°.
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Figure 30.- Comparison of minimum drag of model IV-B with skewed and
variable-sweep wings. Configuration BWVH; &y = -4.15°.

LatT-1



L-1487

Wing
O Skewed
O Variable sweep
.07
.06 P,/
[
By
04 . /
CD,min >/‘/-
03 — 1 _._—O/S
L /]
— T |
.02
.0l
(?5 .6 e .8 .9 1.0 .1 .2 1.3

Mach number, M

(b) ¢ =90° and A =108% p _ =1,060 1b/sq ft.
b4

Figure 30.- Concluded.
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Figure 31.- Lift-curve slope of model IV-B with skewed and variable-
sweep wings. Configuration BWVH.
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Figure 31.- Concluded.
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Figure 32.- Concluded.
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Figure 33.- Static longitudinal-stability derivatives of model IV-B

with skewed and varlable-sweep wings.

Configuration BWVH.
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(a) Skewed wing; f = 90°; &, = 0°.

Figure 35.- Comparison of minimum drag of models IV-A and IV-B with
skewed and variable-sweep wings. Configuration BWVH.
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Figure 35.- Concluded.
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